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ABSTRACT

In mobile peer-to-peer information sharing, binditg - and
sharing with - another device uses up computinguees and
makes sense only when certain conditions are metpkypose a
visual notation and an software tool for mobile ides that
address the need for a simple and intuitive wayaltow the
setting and testing of policies for on-the-go imfiation exchange
(e.g., playlists). This intuitive and visual appch - called
MotionMaps - is well-suited for small screens arelpk ensure
efficient use of device and network resources. s Tast claim is
supported in this paper by simulation and analysé& makes
clear the impact of these policies on the effectss of
information exchange across several mobile usescase

Categories and Subject Descriptors
H.5.2 [User Interfaceq: screen design, user-centered design
C.2.1 Network Architecture and Desigr: wireless comm..

Keywords
Peer to peer communications, On-the-go informadtwaring.

1. INTRODUCTION

The mobile distributed computing paradigm, inickh
communications devices are on-the-go and enteraidthoc peer-
to-peer communications with other such devicesmmae and
more prevalent. Recent and newly widespread uyidgrl
consumer electronics technologies making this ptessnclude:
Global Positioning System, IEEE 802.11 (Wi-Fi) aBldietooth
(now shipping with a majority of new smartphone&h graphics
and user interfaces capabilities (e.g., Java2MEjlability of
dual-mode (Wi-Fi/cellular) smartphones, and mid@dlevsuch as
that from the OSGi Alliance that allows a deviceuge software
components as they become available, without aantesir
disruption. Thus, ad hoc device discovery and ibmpdre real, as
are rich services and applications. Currentlyargd number of
mass-market mobile devices are overtly intendedctarsumers
who want to not only carry their media with themalittimes but
also connect opportunistically to local networksl geers. Most
notably, this device-class includes Microsoft's 2lh whose
WiFi capabilities allow andgncourageplaylist and song sharing
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amongst nearby users. Other devices include oithile PC’s

by Apple, Wibrain, and Kohjinsha. In addition tcass-market

hardware trends, social networking trends whichehawshed the

Web into the so-called Web2.0 phase are now makiagotion

of sharing user-generated content between smalilendbvices

very desirable. True, some users remain concexhedt privacy
and security during these exchanges but studies slaown that
passionate content-producers are more willing #wer to share
content, demographics, lifestyle and personal sastBormation

despite the small but real risks of breach, malyanel so on [1].

Heavily trafficked Web sites reinforcing this natioinclude

Flickr, Blogspot, YouTube, and MySpace, while Bitfiemnt,

eDonkey and other file-sharing tools still comprésgreat deal of

all Internet traffic.

Our work addresses several key concerns and open
issues in peer-to-peer connectivity for informat&raring. First,
even though wireless devices proliferate, none hsveple,
intuitive, user-centric tools that allow the fineam tuning of
geospatially-based sharing policies. None offarsishe ability
to visualize and test these policies for6 mobilee wsmses.
Secondly, in a mobile setting every act of sharusgs (and
drains, in the case of battery) resources suctetgornk capacity,
computing capacity, and battery life. Thus, therent art of
geospatiallyinsensitiveexchanges actually sets up the device to
waste valuable resources. Our work, then, has the atig
contribution and highlights:

e applies principles of interface design for smalides to the
new and highly germane problem of geospatially-isers
information sharing

e avisual “language” with which policies are buiftcatested

e proof-of-concept developed on Windows Mobile 5 devi

e a simulation and analysis that convincingly draws the
benefits of using geospatially-sensitive bindindiges to
police peer-to-peer information sharing

2. GEOSPATIAL BINDING

Geospatially-based binding can be thought of asbamying
methodology that includes - and takes into acceunformation
about one or more of the following attributes o thinder”, the
“bindee”, or both: their position, their speed tioeir direction, in
either a relative or absolute sense. Human inferacintuitively
follow geospatial rules: When bicyclists crosshgathey usually
do not begin what will be long conversations; iastethey
anticipatefuture resource availability and modify their eanlge
accordingly. With device-based information-shgyinboth
binding and information sharing consume valuablenfating
resources and this makes intelligent trade-offalagous to the
human-case, all the more important. Consider dleviing: A
device and its useg;, are on a bicycleC is interested in sharing



her playlists and also in receiving playlists frpeople she passes

near (as ar® andE). AsC's device comes into range bfandE

P2P sharing becomes possible between the threewedo,

geospatial properties of the devices - namely tletative speeds

and relative directions to each other - should atsme into play.

Why? Because i€ and a given peer are not in range of each

other for long enough, no successful sharing sessio occur; in

this caseno sharing attempt should even be initiatesl it will
abort and fail (as an incomplete transaction) tloenemt that the
peer goes out of range. Additionally, binding ddauot occur if

C and the peer do not have compatible sharing mefes or

privacy settings. Hence four main dimensions caa b

instrumented to help ensure efficient resourceizatibn: 1)

relative speed, 2) relative direction, 3) bindirrgfprence, and 4)

shared information type. A tacit goal, then, ismaximize the

number of successful sharing transactions made dgiven time
while avoiding those peerings that wipirobably result in
interruptions or won't result in completed trangaics. Consider
the case of trying to share information in a busget full of
candidate peers. Without any geospatial tempetirgdevice is
likely to use a greedy algorithm (first come filsbund to);
assuming a variety of speeds and wireless sigmaehgths the
greedy algorithm is likely to result in the devicentinually
binding to peers, beginning information transfend aaborting
when the peer goes out of range before the traisfeomplete.
Therefore, “return on information” with respecttiattery usage is
very low and a real practical application of ourrkds its
embodiment into device middleware as a battery-@isggimizer.
Even though today’s mass market devices are ou®ri
for short battery-life, none presently support pobased binding
for playlist, song, and favorites sharing. But thisork has
applicability in other realms too, including, budtdimited to:

e« Military - in dismounted troop movements it can be
beneficial to exchange information only with thdssveling
in certain directions (e.g., are they on my trajecbr not?).

¢ Manufacturing - automated manufacturing floors empl
both mobile and stationary robots for which directl-
sensitive sharing may be useful.

Meanwhile, applications of positioning and trajegtare seen in:

guidance systems (tourism), public safety, and &dsvisually

impaired users. This paper focuses on the follgwirass-market
cases:

1. Walking on 8" Ave. — A user and device walk on a busy
sidewalk. The user is mobile in a fixed directimd peers
likely to be either in opposite or co-directionalPeers’
speeds are fairly predictable.

2. Sitting on Campus Green — stationary on an actaven|
Peers approach from relatively random directionh vé
wide variety of speeds (e.g. on bikes, foot, etc.)

3. Walking in Grand Central Station — the user is rn®lon
foot) and encountered peers from random directioith
predictable speeds.

We study the merits of our approaches in each afseh

representative use cabesNote that if we assume that media

transfer times are small (more on this later) @ehhologies will
tend to be less useful when very few peers arewsmneced per
time interval, or when all parties are nearly stadéiry. In these
cases, even without our technology the device séé good

1 New mobility models [8] themselves are not the gifahis work

results by simply using a greedy approach.

2.1 Metadata Exchange

We assume that a given device has access to tlaelabetit
needs in order to decide go/no-go for a given exgha Link
level and service discovery protocols such as UsalePlug and
Play, Service Location Protocol (SLP), Jini, andlugsion,
employ registries and string-matching to matchntigeneeds with
registered services. Much past work has expanefgidtry/search
semantics to allow for rich service querying - gig. [2] the
authors extend Bluetooth discovery with additiosenantics. In
[3] the authors similarly extend the OSGi framework802.11
access points broadcast beacon frames about e08rys] they
are 50 bytes long and carry SSID, rates, timestaamus other
information. In this paper we assume that devitage both a
low-level way of emitting and detecting beaconsr (fater-
discovery) but also - since it will be a basis decision-making -
an efficient way of exchanging geospatial and otkervice
metadata which may be comprised of:
e GPS (or other location) coordinates
« Instantaneous or average speed, direction
e Other service attributes - such as sizes of meuké are

ready to be exchanged

Our past work [4] has shown that a rich ontolognd(a
parser) can be an enabler, at the cost of compaotdtcomplexity.
In such a scheme peer metadata is read as instahoesology
elements and interpreted accordingly. One advantafgthis
approach is that unit equivalence may be infereed.( direction
may be provided in any number of ways: compas<tiine (e.g.,
“NE”), a set of LAT/LONG’s comprising a vector, degs (e.g.,
“270 degrees”), etc. In this paper we are corexronly that a
peer's geospatial metadata is understooaot, with the actual
format or mechanism of this exchange

Table 1. Media and inter-device transfer times (TT)

Type Size TT for rate TT for rate
0.5 Mbit/sec 10 Mbit/sec
Movie 500 MB 8000 sec (2.2 hr 400 sec
Episode 250 MB 4000 sec (1.1 hr) 200 sec
Music video 30 MB 480 sec (8 min) 24 sec
Song 3 MB 48 sec 2.4 sec
Component 500 KB 8 sec 0.4 sec
Favorites 200 KB | 3sec 0.15 sec
Playlist 20 KB 0.3 sec 0.015 sec

2.2 Devices and media

Today's mobile smartphones, mobile media players] a
ultra-mobile PC’s (UMPC) have widely varying cafaias as
their manufacturers strive to create design andtufea
combinations that appeal to market niches. A cee¢ of
functionality is emerging that ultimately embodienough
functionality to allow peer-to-peer sharing of vars sorts. A key
one is clearly WiFi networking, which enables ptepeer
sharing at high speeds (Bluetooth is ubiquitous Hag limited
utility as a file-sharing transport and can expere interference
near WLAN networks [5]). A mobile device with WiFi
technology has varying effective ranges; for exaaplaptop with
WiFi can expect about 90 feet of range while sorsersi have



seen the Zune’s range to be about 30 feet. Pahttid=i transfer
rates also vary in real-world conditions. Other expentation
with Zunes has shown effective transfer rates toabeut 0.5
Mbps [6]. Transfer rates are less important whiee basic
currency of exchange is a playlist or Internet fites but they
become a concern when the currency is songs argbdipi
television shows, for example. Today's consumees aready
buying and sharing many types of information. €atl
summarizes these types, their typical sizes, atich&esd transfer
times (TT) for several relevant bitrates.

Episoderefers to episodic television such as NBC’'s ‘The
Office’, or short films. Componentsrefer to exchangeable,
reusable software objects - within OSGi and otlaaJand even
non-Java) frameworks, software objects can be leghdhd re-
used across platforms in a very dynamic fashion EY., a
running application on one device may require ajeailpresent
on another device (a specific media-player comptnem
temperature-converter) - OSGi provides the foudasti for
seamless run-time use of this obje&avoritesrefers to Internet
browser favorites.

3. SIMULATION AND RESULTS

This section describes our simulation of the 3 eases and
the merits of using geospatial policies to filtest onobile binding
candidates that are “undesirable” while bindingtose that are
likely to result in successful media transfers.isTéection relies
upon a visual metaphor with which filters will beepented.

current bearing

relative :/ ©

bearings

Figure 1. Simulation details are presented in a siplified
MotionMaps style; a colored coordinate space

Filters are represented on a radial coordinateespawhich
the up-facing angle is a given users current bgaaimd the other
angles correspond to relative bearings. Similatigtance from
the center indicates increasing relative speedyurgi2 shows 7
peers mapped onto a user’s filter-space - thredeigfiaces) map
onto green regions and the filter lets these phassugh to the
binding phase, while four map to red regions intiiga their
undesirability for binding (either because theiesg or angles are
large).

We implemented a discrete-event simulation to eateldhe
effect of using filters for the three use casexidesd above, and
the required transfer times corresponding to athlmmations of
the “song” and “favorites” media types with exchamgtes of 10,
5, and 0.5 Mbps. For the simulation, the user veken as
moving at the fixed speed given in the table befoweach use

case. For each use case, the peers were placeahddm
according to a Poisson point process in the platiethe average
density given in the table and were assigned speeifisrmly at
random between the minimum and maximum speeds dgiven
table 2. In the B Avenue case, directions were chosen as parallel
or anti-parallel to the user with equal probabilitp the other two
cases, directions were chosen uniformly at rand@ime effective
range of the connection was taken to be 9.14 m¢8érsfeet).
The simulated duration of the experiments was <#a@nds.

Table 2. Simulation use cases and characteristics

Use Case User Peer Peer Speed
Speed Density minimum maximum

5T Ave. 0.91 m/s 1.0/fn 0.91 m/s 1.8 m/s

Campus 0 0.25/nf 0.25 m/s 2.0m/s

green

Grand 0.91 m/s 3.0/t 1.8 m/s 1.8 m/s

Central

For each total transfer time we chose a sampk fily hand,
as a user might. We tried to maximize the numbesuzicessful
transfers, using as a rule of thumb the ideasttieaexpected rate
of arrival of peers that pass the filter shouldabemall multiple of
the rate at which complete information transfems oacur, and
that we want to filter out the peers that are likel stay in range
for the least amount of time. No formal or analgtioptimization
was done. Any such optimization could only improtre
performance of the filters beyond the promisingittsswe report.

After generating a set of peers, we can measurerhamy of
them are within range of the user during the daratof the
experiment. We can also divide the duration ofakeeriment by
the required duration of a successful transferingithe number
of transfers we could achieve if we always had \ailable peer
within range, who would wait within range until thransfer were
complete. In the particular cases whose resudtslescribed here,
the latter number is almost always smaller. Theimmim of these
two values gives an upper bound on the number cEipte
transfers, and a good benchmark to which to comfrereactual
numbers of successful transfers.

At time zero the user starts out free. Duringekperiment,
whenever the user is free, she picks a peer abraritbm the set
of unused peers that are within range and, iftarfis active, that
pass the filter. If there are no unused peersinvithnge, she
waits until a peer comes within range, and theecsglthat peer.
She attempts information transfer until either thequired
duration elapses, giving a success, or until tre¥ pgoves out of
range, giving a failure. The peer is then markseedy and the user
does not attempt to connect to that peer ever agatithe end of
the experiment, any peer still in transfer is releor neither as a
success nor as a failure.

For each use case, we give the value of the bodestsibed
above, and the numbers of successful and unsuuotéssisfers
both without and with filters.



Campus Green Scenario

Fate/ 10 Mbps 5 Mbps 0.3 Mbps
Media
TI=0.13 TI=03 TI=3
: .
TT=4%
SDHE .
Tranzfer Time Upper bound No Filter Filter
SUCCESSEs failures SUCCEsses failures
0.15s 3154 3113 3 5117 1
03s 3333 3310 44 3318 15
243 416 378 77 410 1%
30: 333 301 62 326 13
483 208 177 &7 191 13
4803 20 1 70 ] 14
5th Avenue Scenario
Hats/ 10 Mbps 3 Mbps 0.3 Mbps
Media
TI=0.13 TT=3
Favoritss .
TT=48
Smg .
Transfer Time | Upper bound No Filter Filter
SHCCESSES failures SUCCES5es failures

013z 6666 6611 102 6648 38

[ER 3333 327 111 3331 B

245 416 362 116 402 2

30z 333 276 121 304 1

483z 208 134 113 203 4

480s 20 3 76 12 3

Figure 2. Filters and results: Sharing favorites ad songs across 3 different data connections




Table 3. Effects of varying filters in Campus Greeruse case
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3.1 Discussion

Figure 2 illustrates 5th Avenue (top) and CampugeBr
simulation results. We note significant reductidnssharing-
sessions that fail (after starting, thereby wastiegpurces) when
using geospatial filters. In the Grand Central esse (not
shown), total failures without and with filters aunmted to 7.1%
and 0.43% resp. In the 5th Avenue and the Grandr@lecases,
the density of peers is high, and so we can tidfiitsr them to
bring the number of successful transfers to theimam possible,
while greatly reducing the number of failed transfeOn average,
failures were reduced by 91% in the 5th Avenue eask93% in
the Grand Central case by using filters as oppdsedithout
filters. In the campus green case, the peers maser, but we
still can increase the successful transfers andceedhe failed
transfers, using filters. In this case, on averdgdures were
reduced by 75% by using filters as opposed to witfitiers.

In the campus green case, useful filters can beacteaized
by a single parametes -- the maximum speed that will be
admitted. Table 3 shows how the numbers of sucsease
failures vary with respect te, for the 2.4 sec. transfer time. We
take 5 trials pew value in order to handle the randomized choice,
when the user becomes free, of the next peer frorong the

peers in range. At = 2.0 m/s, all peers pass the filter, so the
results are the same as without filters. dAslecreases, failures
decrease and successes increase, until abedt02 m/s. At this
point, failures and success both swiftly decrease decreases.
Filters witha near 1.02 m/s can be seen as "good" filters. Téble
summarizes the clear value of filters by aggreggatioross all use
cases.

4. DESIGNING AND IMPLEMENTING
THE TOOL ON A MOBILE HANDSET

Our simulation and analysis have shown that thétalo
edit and manage personal geospatially-sensitiveirgh@olicies
on the device is advantageous. This section descrihe
MotionMaps tool, which allows exactly that. In &dff, we
propose a visual “language” with which geospatialigles are
built and tested. The tool is intended for a usather the device
owner or an administrator. The key goals and design
considerations were:

«  Present the three independent variables (i.e.dsjpéection,
and binding preference) in a single visual notation

e Clearly distinguish between information type (igaylist,
Internet favorites, components).

*  Make use of the intuitive red-yellow-green “traffight”

color scheme for indicating binding preference
e Allow immediate policy creation, saving, and tegtialso

allow easy changes to the angular and speed boundar

settings found on the interface
e Compact design compatible with small color screens

We make several reasonable assumptions: (1) Velocit
information is directly or indirectly accessible®in the device or
a service provider and, given this, directions apdeds can be
computed for any two peers, (2) Binding is an opfdature and
user privacy is guarded, (3) The device’'s screerstnaisplay
color at (least) 160x160 pixels, (4) the devicdads,the most part,
on-the-go, not stationary.

4.1 The MotionMap Tool

The MotionMap visual notation is annotated in Feg@rand
is the main visual metaphor with which device usdesign
sharing policies. The notation is meant to berpreted with an
orientation so that the user should take the upwéiakis as
pointing in the direction of travel; thus the rélatbearing 90° is
off perpendicular to the user’s right (no matterickhway she'’s
traveling). The notation serves as a coordinateepn which
other dynamically encountered mobile peers can lbded and
the color at that point on the MotionMap indicates binding
preference for the encountered ﬁeerConfigurabIe concentric
circles in the notation represent increasing spetits faster a
peer is “passing” the user (or visa versa) theharbut toward the
edge it will be plotted on the MotionMap. The comiciE regions
are subdivided into regions by a set of anguladicorresponding
to relative bearings. In the figure, the lines arangles of 30°,
60°, (90°), 120°, 150°, (180°) in both positive andgative
values, however these settings are configurabta fre tool itself

2 Though vaguely compass-like, the tool does notliketa compass for
the user at bind time. The compass-like metapboused only at
policy-authoring time; at encounter time, bindingcigions follow the
specified policies and are likely to happen invisiio the user.



allowing, for example, alternate angular divisiosch as -10°
and 10°. In Figure 3, “region A” corresponds te thpeeds
between 0 and 10 (km/h) and the relative bearifig3@to -120°.
In creating binding preferences from scratch, tber degins with
a “pblank” MotionMap (white, as in Figure 3) and peeds to
color-in the regions. The meanings of the assignabgion-
colors are taken from the traffic-light semantic:

relative
bearings

region A

application

type commands

\Coe=]

Figure 3. MotionMap notation on a “capable” devicewith a
240x320 color screen and a 5-way joystick

¢« Green - “bind to the candidate under these conwitio

¢ Red - “never bind to the candidate under theseitiond”
¢ Yellow- “possibly bind” (e.g., probabilistically)

«  White - no preference specified yet

To change the color of a region the user movescthisor
with the joystick to the region and clicks. Eaclbsequent click
changes the color of the region, alternating thhowghite, green,
yellow, red (then back to white) - multiple regiooan also be
selected and changed with a “change all” commahide visual
notation captures bearings relative to the usejuiestion, where
0° is co-incident with the bearing of that user.hu¥, many
MotionMaps will tend to be symmetric in the Y-asmce users
will not likely want to distinguish peers approauti“from the
left” versus “from the right” (though ifs possible and more
desirable in other commercial and military applicas).

A small consistently-used icon on the editing sciee
bottom left indicates the application type to whitte policy is
applicable (playlists, favorites, & components)igufe 4 shows
user-created MotionMaps that reflect conservative aggressive
binding policies. In Figure 4 (left), the user failgreen regions
corresponding to peers traveling 15 km/h or less @aveling
with a bearing that differs by no more than aboQf.6 By
painting only in and around the co-incident anpke tiser ensures
that binding will occur only with peers traveliniget same or very
similar direction. Yellow regions could allow fdirandom”
binding to peers whose geospatial coordinates ptagisewhere
in the MotionMap. Figure 4 (right) shows some bé tmenu
commands available to the policy designer; at tlet (partially
obscured) the user specifies a “liberal” bindindigyo whose
green binding area includes any peers with speedhe range

[0,20 km/h] at any relative bearing. The only bimgdsituations
this policy author rules out are when the candidsger has a
relative bearing in the range [120,240] and hasdggeater than
15 km/h. “Moderate” binding policies would fall mewhere in-
between these two MotionMaps while an unlikely aioeeous
MotionMap might lack symmetry across the Y-axis.

GREEN RED GREEN

set all Green
Set all Yellow

Set all Red

Togagle Y-axis Mirror
Toggle Speed Display
Edit Speeds

Edit Angles

Save

Menu

RED YELLOW

Figure 4. User-created playlist MotionMaps: (left)
conservative, (right) liberal (colors are called-oufor clarity)

4.2 Navigating through to Design

The tool's GUI asks the user to: 1) choose thevesle
application, 2) choose either “design” or “test},if3'design” then
choose the user’'s mobility level (e.g., foot, bleycar - i.e., slow,
medium, fast), 4) choose to begin with a blank Mioklap, begin
with a pre-populated one and edit it, or load aibtdlap from
the storage card or a server. The user’s choicadifility level
affects the speed boundaries that are drawn orMibt@onMap
canvas.

When a given MotionMap is ready to be employed Hiy t
user she must first save it and then activate Tihe interface
menus provide these features. Saving can be dotee local
mobile storage or up onto a remote server if thacgehas an
TCP/IP connection.  As mentioned, we have algmeemented
with storing a rich representation of metadata gisBemantic
Web technologies [4].

4.3 Intuitive and Immediate Policy Testing
Once users are familiar with the MotionMap notatiour
tool makes the process of creating binding policesy and
repeatable. While the intuitive representation raffousers a good
understanding of the policy just by looking atsgmetimes just
looking is not quite enough. An effective way tisualize and
test policies before saving and activating thertoisee them in
simulated action. To this end, we have designetictegrated a
mini-simulation screen on which MotionMap designess test
their sharing policies. They do so by choosing‘fthest” choice
instead of the “Design” choice during setup. Takest points of
the subsequent test screen are:
e The “user” is represented at screen’s center asoan-
(same screen coords that the MotionMap had)
* Asmall circle around the user symbolically repreésehe
outer border of the user’s wireless realm. Thatis&rs



outside of this circle are not yet known to therpas they
enter this region they become binding candidate$n(aeal
wireless discovery, such as 802.11b).
¢ Simulated mobile peers (initially red) move towasthsl
across the user’s realm. Upon entering the relaéy ¢hange
color according to their trajectory and speed ddsharing
policy being tested - as they leave the realm lj@nother
side) they change back to red. Therefore a redipdieates
that no binding occurs with it - a yellow peer icaties
“maybe” and a green peer indicates a “bind”. These
correspond precisely to the MotionMap policy desidjim
the previous step. The manner and number in wheehsp
move at the user correspond to the user’'s molbyipg
Figure 5 illustrates these concepts with an anadtdtagram
of the test screen (the added streak behind thes plagstrates
their trajectories). The simulation is intendedb® watched by
the user who, in turn, as various simulated pesysscher path,
gets an intuitive idea of the value of her MotiorpMolicy. In
Figure 6 the first peer comes into the realm arghgbks to green
indicating that the user would bind to this devitaising the
MotionMap policy being tested. At any time the usan add or
remove peers into the simulation by nudging theiatejoystick
right or left (resp.).

wireless
realm

Figure 5. Annotated diagram of the test screen

Figure 7 shows a test after significantly mopeers have been
added. If not satisfied with the simulation resutie user returns
to the design screen where the MotionMap can bédfradd

4.4 Technical Notes

The MotionMaps framework has been developed orva2la
platform. Although today's mobile handsets have/vay support
for open (e.g., Java) and propriety (e.g., BREVWetlspment
middleware, Java’s penetration into the market lisag In
addition, the Java-based OSGi framework has agfpogsence in
the automotive market [7]. We have built the rungnprototype
on a Windows Mobile 5 Sprint 6700 mobile handsetvalt as on
Cingular HTC-based devices. The system is largehtemented
as a Java MIDlet application, thus a MIDlet managerst be
present on the MH Operating System. We have usedTtao
Group’s betdntent MIDlet Manager on the mobile handsets but
others exist, such as IBM’s J9 MIDlet Manager;pabvide fill-in
support for MIDlets on mobile handsets that do matively do
so. The Sun Java Wireless Toolkit [9] and the ogmurce cross-
platform NetBeans IDE [10] have been used to baild test the
project, first on software emulators and then onni@zted
Limited Device Configuration (CLDC) and Mobile Infoation

Device Profile (MIDP) compatible devices. Softeravise the

Policy Testing tool and interface makes use of &bjacts called
MobilePlatforms implementing Runnable (threads). These
objects are created on demand and seeded with ethgpatial

attributes according to the test pattern; once esebey follow

their intended “trajectory” across the user's siabedl wireless
realm. Threads are destroyed as appropriate kelypdns are
pressed. The MotionMaps Policy editor makes extengse of

the Java2D [11] capabilities of the device. It agas a dynamic
array of map segments and their attributes (elir tscreen
positions, their fill color) and uses methods sasty.fillArc( ) to

draw segments.

first peer crosses
wireless realm and
changes green;

the rest remain
. red

Figure 6. As simulated peers cross into the wirelesealm of
the user they change color according to the polian test

Figure 7. More peers created by tapping on the butin



5. RELATED WORK

Little previous work addresses mobile Ul design and

geospatial sharing preferences for mobile deviceSoday’'s
Instant Messaging (IM) tools use simple policiesbiock or
enable incoming messages and location-enabled WAoad can
offer notifications when any buddies are nearbyj.[13imilarly,
mobile location-based dating services send aleitenwother
compatible singles are nearby. In [13], a smadtesentation of a
bird on a browser toolbar is a dynamic visual cnd ahanges
color (from green, to yellow, to red) accordinghow closely a
web site’s and user’s privacy policies corresporitat users can
grasp compass-like metaphors is known: in Japademoyed
wireless service by KDDI uses a compass metaphdpamt”
users to interesting locations and a differentesyssuccessfully
uses a (similar) metal-detector metaphor for locatensitive
services [14]. Microsoft Research’s Scope usesompact
circular radar-like interface to display notificais to computer
users [15]. However, these and others do not aseeqguire rich
geospatial policies nor testing, and visual edd &st tools are
not proposed. [8] and others survey the wide wargd user
mobility models; in comparison, our work uses sfinffiorward
mobility models and constrains them to three distimse-cases,
each of which has particular geospatial charadiesis Wireless
positioning technologies such have used accelemmeand
gyroscopes to gage direction and speed in orddretter track
mobile wireless users [16]. Research into Mobild Koc
Networks (MANET) and mobile peer-to-peer addreskitee
issues to those described here but also take auouat Layer 2
and 3 concerns. For example, [17] describes hoaxpdoit both
information age and its position relative to whigneas created in
order to disseminate more effectively.

6. CONCLUSIONS

Through simulation
explanation point on the importance of geospatiaénsitive
policies for information sharing in mobile peers. In most
interesting cases there is great value to elinmigatfrom
candidacy the set of peers who will not be in ralogg enough to
allow a complete information exchange transactiofhrough
simulation and design this work has resulted inndmitive visual
notation — called MotionMaps - for expressing gedistly-
sensitive policies on the mobile handset itselfd & way for
mass-market users to visualize, test and tune tipedieies.
When enabled in the middleware of the mobile handse
policies provide continuous and user-transpareeemiight and
red-light decisions to inter-peer bindings. Thisrkvhas high
relevancy in mass-market and commercial sensegwslavices
emerge that are specifically aimed at ad hoc metharing.
Ongoing and future work includes a) keystroke leweldeling
and user assessments of the visual tool, and alyyof models
enabling the system to “advise” the user on poaénttility or
ineffectiveness of the filter she has created.
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